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Abstract 
We measured the photoluminescence (PL), the optical absorption and the magneto-optical absorption of E-FeSi2 single crystals 
which were fabricated by a chemical vapor transport method. The characteristic 0.8 eV-PL bands of E-FeSi2 thin films were not 
observed in our single crystals. However, we found new two PL lines (0.717 and 0.737 eV) and new two absorption peaks (0.858 
and 0.909 eV) at low temperatures. All the samples which were measured in this study were classified into two groups according 
to the absorption peak energies. The two types of samples showed different absorption energies, but the magnetic field 
dependencies of the energy shifts are quite the same. Furthermore, the evaluated effective g factor is about 4 for both types of 
samples. 
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1. Introduction 
Semiconducting iron disilicides E-FeSi2 have gained a significant interest as a Si-based infrared light emitter 
and/or photodetector since the report of a light emitting diode based on ion beam synthesized (IBS) E-FeSi2 in 1997 
[1]. The device was shown to produce 1.5Pm (0.8 eV) electroluminescence at room temperature. However, 
questions as to the origins of the luminsescense still remain because significant light emission has been achieved 
only from IBS E-FeSi2, whereas bulk crystals of E-FeSi2 have not shown apparent luminescencse at 0.8 eV even in 
low temperatures [2,3]. 
In this decade, electronic structure of E-FeSi2 has been studied both theoretically and experimentally. But it is 
still difficult to define the nature and value of the energy gap because of such a small difference between the energy 
values of conduction band minimum at the Y and / points. Furthermore, the band gap nature and the gap energies 
have been found to be sensitive to the lattice distortions. Udono et al. reported optical absorption spectra of bulk E-
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FeSi2 single crystals grown from solution [2,4]. They indicated the presence of exciton absorption and an indirect 
absorption edge coupled with phonons with energy of 0.031 eV. The absorption measurements revealed that E-FeSi2
has an indirect energy gap slightly lower than the direct energy gap. However, optical properties of single crystals 
grown by another method have not been studied. 
In order to clarify the band structure of E-FeSi2 single crystals, we measured the photoluminescence (PL), the 
optical absorption and magneto-optical absorption spectra of E-FeSi2 single crystals which were fabricated by a 
chemical vapor transport (CVT) method.  
2. Experimental 
E-FeSi2 single crystals were grown by a chemical vapor transport method by using I2 as a transport agent [5]. 
Typical crystal shapes are plate-like with dimensions of (3-5)  (0.8-1)  (0.1-0.5) mm3 and the grown flat surface 
are {100} plane for all samples. To avoid damages by polishing, only a chemical surface etching was done. The 
absorption spectra were evaluated by optical density : OD=log(I0/Is), where I0 and Is are the intensity of the incident 
light and transmitted light respectively. Optical absorption spectra were measured between 7.4-150 K using a 
halogen lamp as a light source and the transmitted light was passed through a 25 cm focal length grating 
monochromator and detected by a liquid N2 cooled Ge detector. PL measurements were done by the same apparatus 
using an Ar+ 514.5 nm laser as an excitation light. Magneto-optical absorption spectra were investigated in pulsed 
magnetic fields up to 53 T by using a xenon-flash lamp and a halogen lamp as a light source and a InGaAs array as a 
detector. Both an incident light and magnetic fields are applied perpendicularly to {100} face of the samples (the 
Faraday configuration). 
3. Results
In this study, all samples that measured absorption spectra are classified into two groups Type A and Type B 
according to the absorption peak energy and PL spectral features. However, systematic relations between the types 
of the samples and the growth conditions or specific structural properties have not been clarified, so far. 
3.1. Type A samples 
Fig.1 shows PL spectra for Type A samples. Though the PL band of 0.8 eV that has been reported from IBS E-
FeSi2 [1,6] was not observed, the two PL lines were newly observed at 0.717 and 0.737 eV at 9.0 K. Both PL lines 
are very sharp and the FWHM are 1.5 meV. With increasing temperature, the PL intensity decreased remarkably and 
disappeared at 30 K for 0.717 eV and at 60 K for 0.737 eV.  
Fig.2 a) shows the temperature dependence of absorption spectra without magnetic field of Type A sample. The 
narrow absorption peak was observed at 0.858 eV at low temperatures and the absorption peak slightly showed a red 
Fig.1  Temperature dependence of PL at 0.717 and 
0.737 eV from Type A E-FeSi2 single crystals. 
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shift with increasing temperature and disappeared near 150 K. The magneto-optical absorption spectra in magnetic 
fields at 4.2 K are shown in Fig.2 b). We observed clear the Zeeman splittings of the absorption peaks. 
3.2. Type B samples 
On the other hand, in Type B samples, neither the PL peaks at 0.717 and 0.737 eV that were found in Type A 
samples nor the peak at 0.8 eV that was reported from IBS E-FeSi2 [1,6] has been obserbed. Furthermore, the 
absorption peak at 0.858 eV which was observed in Type A samples was not detected and showed another new 
absorption peak at 0.909eV which is near the direct band gap energy of E-FeSi2 at low temperatures [2]. Fig.3 a) 
shows temperature dependence of the absorption spectra for Type B E-FeSi2 sample under zero magnetic field. The 
absorption peak is rather broader (the FWHM is about 5 meV) than that of the peak at 0.858 eV found in Type A 
samples. On increasing temperature, the peak of 0.909 eV disappeared above 140 K with a slight red shift. Fig.3 b) 
displays the absorption spectra for different magnetic fields at 4.2 K for Type B samples. The absorption peaks 
showed clear Zeeman splitting as the magnetic field increased.  
Fig.2  Typical absorption spectra for Type A E-FeSi2 single crystals.  a) Temperature dependence of absorption spectra without magnetic 
field.  b) The magneto optical spectra at 4.2K under pulsed magnetic fields.  
Fig.3  Typical absorption spectra for Type B E-FeSi2 single crystal.  a) Temperature dependence of absorption spectra under zero 
magnetic field.  b) The magneto optical spectra at 4.2 K under pulsed magnetic fields. 
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4. Discussion 
There has been a similar report of the optical 
measurement on ȕ-FeSi2 single crystals, which are grown 
in a metallic solvent by Udono et al., and apparent peaks 
were found neither in absorption nor in PL spectrum. 
They estimated the direct band gap energy Egd and the 
indirect exciton energy gap Egx. Fig.4 shows the 
temperature dependence of Egd (solid circles) and Egx
(solid squares) by Udono et al. In Fig.4, our results of the 
peak energies of absorption and PL are also plotted for 
comparison. It is clear that both absorption peak energies 
of Type A and Type B samples lie above the indirect band 
gap energy and also that both absorption peaks show 
slight red shifts with increasing temperature. Therefore it 
is suggested that both absorptions are originated from the 
transitions of the direct band gap. M.Rebien et al. showed 
experimental evidences of the excitonic transitions in 
epitaxial films of ȕ-FeSi2 on Si(100) which revealed the 
value of 16 meV as the binding energy and the value of 
0.93 eV as the transition energy of the direct exciton [7]. 
As seen in Fig.4, the absorption peak energy for Type B is 
close to the direct band gap energy, and the energy 
difference is 27 meV, which is comparable to the exciton 
binding energy obtained by M.Rebien et al. On the other 
hand, the absorption peak energy of Type A sample lies 
far below the direct band gap energy, which suggests a 
bound exciton as its origin. 
Usually, magnetic field effects to exciton energy Ex(B)
are described by the Zeeman term and the diamagnetic 
term as follows, Ex(B)= Ex(0)r 1/2gPBB+aB2; where 
Ex(0) is a exciton energy at B=0 T, g is a effective g factor, 
PB is a Bohr magneton and a is a value proportional to the 
square of the effective Bohr radius (aB*) of excitons. In 
Fig.5, the absorption peak energies versus magnetic fields 
are plotted. For both types of samples, the absorption peak 
energies shifted quite similarly and it is found that the 
energy shifts with increasing magnetic field are almost 
proportional to the magnetic field indicating the effective Fig.5  Magnetic field dependence of the absorption peak 
energies in Type A and Type B samples.  
Fig.4  Comparison with the characteristic energies which 
were obtained in this study (open symbols)  and the energies  
which were determined by Udono et al.[2] (solid symbols).  
: Type A  PL 
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Bohr radius of the excitons are very small. 
The absorption peak splitting is about 0.012 eV at 53 T for both Type A and Type B samples, which gives the 
value of effective g factor to be about 4. This results suggest that the absolute value of the g factors for the electron 
and the hole are 2, which indicate that the orbital angular momentum are quenched caused by the localization of 
exciton wave functions at k=0. This result is consistent with the lacking of the diamagenetic contributions in 
absorption peak energy shfts indicating a very small Bohr radius of the excitons.  
Based on these results, the origins of the absorptions of Type A and Type B samples might be related in localized 
Frenkel-like excitons. Yamane et al. [8] indicated the presence of stacking faults in {100} plane (perpendicular to 
the incident light and the magnetic field in this study). Therefore, it is suggested that the excitons are localized at 
two-dimensional (2D) stacking faults in E-FeSi2 single crystals and the differences between Type A and Type B 
caused by the local structure of the 2D stacking faults. However, the features of the PL, the large Stokes shift (0.12 
and 0.14 eV) for Type A samples and the PL is not observed in Type B samples, are not understood, at this stage. 
5. Conclusion 
We observed new types of absorption peaks and PL lines in E-FeSi2 single crystals fabricated by a CVT method. 
Though the two types of samples showed different absorption energies 0.858 and 0.909 eV respectively, the 
magnetic field dependencies of the absorption energy shifts are quite the same and it is found that the absorption 
energies shift almost proportional to the magnetic field. Furthermore, the evaluated effective g factor values are 
about 4 for both types of samples. These results suggest that the origins of optical absorptions might be caused by 
the localized exciton at the 2D stacking faults with very small effective Bohr radius. However, the details of the 
differences between Type A and Type B samples are not understood. Further investigations are required. 
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